Blood and environmental samples, including a quarterly 6-day duplicate diet, for nine mother/child pairs between the mothers and their children i overall contribution of tissue lead to blood lead. Results from this study sugst that fractioxia absorption of ingested lead by child 6-11 years of age is cmpable with absorption patterns observed among adult females in the 29-37-year-old age rang. Because p kinetic models apply a 40-50% absorpion even for 7-year-old children, firther iniions on fractional absotption of ingested lead by young children are warnted. Further investigaons aree ally needed in younger children than those who were subjects in the current study, particuarl idren in the 1-3-year-old age range. In addition, the effect of nutritional status and patterin of food intake on children's lead absrpton requaire inestigdton, par ly the increased prevalence of marginal nutrtional status among low-income populations that are at increased risk of elevated blood lead levels.
precision stable lead isotope analysis to evaluate the changes that occur when the subjects moved from one environment (Eastern Europe) to another with different stable lead isotopes (Austa). The children were between 6 and 11 years of age and the mothers were between 29 and 37 years of age. These data were compared with an Ausrlian control motherchild pair, aged 31 to 70% for the mothers and 12 to66% for the dren. The difference between mothers and children is not statistically significant (p = 0.28). The childirn do not appear to achieve the Ausalin lead isotopic profile at a fastr rate dt their mothers. These data provide evience that the absorption or uptake of lead from dietar'ysources is iir in ult females and children of the -ag in this study. In spite of lower bone led and fase bone remodeling and recyclg in children compared with adult females, we see no r
between the mothers and their children i overall contribution of tissue lead to blood lead. Results from this study sugst that fractioxia absorption of ingested lead by child 6-11 years of age is cmpable with absorption patterns observed among adult females in the 29-37-year-old age rang. Because p kinetic models apply a 40-50% absorpion even for 7-year-old children, firther iniions on fractional absotption of ingested lead by young children are warnted. Further investigaons aree ally needed in younger children than those who were subjects in the current study, particuarl idren in the 1-3-year-old age range. In addition, the effect of nutritional status and patterin of food intake on children's lead absrpton requaire inestigdton, par ly the increased prevalence of marginal nutrtional status among low-income populations that are at increased risk of elevated blood lead levels. Key rnk-: child, diet, lead isotopes, models, mother.
En
Hal Perspect 105:13341342 (1997 (FDA) estimated that over the period [1986] [1987] [1988] [1989] [1990] the contribution of lead from dietary sources for a 2-year-old child decreased from 47 to 16% (4) . These large decreases in the percentage contribution of dietary lead to overall lead ingestion are partly attributable to the belated recognition of the major contribution of dust and soil to PbB in young children (5) . The contribution of dust to PbB is, however, most critical for children aged 1-3 years, typically the age group with the highest PbB levels (6) and greatest hand-to-mouth activity (7) . In individuals older than 4 years, hand-to-mouth activity is much less predominant and diet assumes a greater importance as a source of lead. For example, for a female of child-bearing age the FDA estimates the contribution from diet is 65%, most of this coming from food (43%) and water (22%) (4).
All pharmacokinetic models for lead in humans differentiate between a lower absorption rate (uptake from the gastrointestinal tract) of 5-15% for adult male subjects versus 40-50% for children (8) (9) (10) (11) . In the EPA Integrated Exposure Uptake Biokinetic (IEUBK) model (9) , the higher absorption values among adult males are applied to children up to 7 years old. The adult values for gastrointestinal lead uptake are fairly well validated using long-term mass balance studies (12, 13) , radioactive tracers (14) (15) (16) (17) (18) (19) , and stable isotope tracers (20, 21) . Most adult subjects were males. James et al. (19) 
Methods
Nine of these mother/child pairs immigrated from Eastern Europe, with seven from the former Soviet Union, one from Poland, and one from Bosnia (Table 1) . Their data are compared with an Australian control pair (referred to by their subject numbers 1044 and 2044). The ages of the children ranged from 6 to 11 years and the mother/child pairs were monitored from 12 to longer than 24 months. An age of 12 years was chosen as the cut-off limit because after this age the skeleton is considered to be in a relatively (27) . Fully flushed drinking water was collected from the kitchen faucet after an additional 30-sec flush. Dust was collected as dust fall accumulation using petri dishes placed in at least two locations in the residence for 3 months (28) . The methods for sample preparation and analysis for blood and environmental samples have been reported previously (25, 27) . An I 'E'll"'1%..", "".,
. 206Pb/204Pb ratios <17.0 (Fig. 2) .
Information obtained from parents and children indicated that, except for school consumption, diet of the children was gen-10 erally similar to the adults in the same familQ ly (Table 2 ). In testing the methods, several food samples were analyzed in duplicate. 8 Even with complete digestion of the sample $ by the microwave, the reproducibility of results compared with that expected for 8 other samples, such as blood, is poor (Table   8 3 (Table 2) , and this range applied for subject mother/child pairs, the daily intake was also and increasing 206Pb/2 Pb ratios in the 6- 2031. significantly different in six of the nine pairs day diets over time are probably a reflection
The mean daily intake of lead for the (Table 4 ). Figures 8 and 9 compared with the PbB and 6-day averaged dietary intake. In both mother and child for the May 1996 sampling, there was a marked increase in dietary intake, but totally contrasting isotopic compositions in the diet; yet, the PbB showed very little change and, for the child 2015, even the isotopic composition showed little change. The isotopic composition of the mother 1015 showed a decrease. In the case of mother/child pair number 1029/2029, there was a marked increase in dietary intake in the middle of the monitoring, but minimal effect was observed in the blood isotopic composition or concentration ( Fig. 10 and  11 ). Variability in either isotopic composition of the diet and/or dietary intake but with minimal change in blood isotopic composition or blood was observed in most of the other mother/child pairs (Fig. 3, 5, 6 ).
Blood lead concentrations and, commonly, the isotopic composition exhibited very little variation over time, even when the isotopic composition of diet was markedly different from the blood isotopic composition and the dietary intake was >10 pg Pb/day, as shown for 1029/2029 in Figures 10 and 11 and summarized for all subjects in Figure 7 .
As expected, the 6-day diets show considerable variation in the elements such as Ca, Mg, Sr, Ba, etc., but at this stage there does not appear to be any systematic trends between mothers or children.
Discussion
Clearance rate of lead from blood and skeletal contribution to blood lead. This study evaluates differences in the patterns and clearance rates of lead from blood in children compared with their mothers. Gulson et al. (25) showed that there was an exponential decrease in the 206Pb/204Pb ratio over a 3-to-4-month period in female adults migrating from Eastern Europe to Australia, which was related to the mean life of lead in the red blood cell. That is, the European lead in blood was exchanging with Australian lead. Furthermore, after equilibrium with the Australian environment was attained after 3 to Figure 7 for the mother/child pairs indicates that the nine clearance rates for lead from blood are similar for the children and their mothers. Further evidence for this hypothesis comes from the subjects 1023/2023 who visited Russia for 3 months and then returned to Australia. The trends in both isotopic composition and pre-and post-Russia are identical and would suggest that the clearance rate of lead from blood is similar for both mother and child (Fig. 5) . When equilibrium was reached between skeletal lead and Australian lead, the skeletal contribution to PbB for the mothers ranged from 16 to 70% and for children varied from 26 to 64% (Table 6 ). There was no consistency between mothers and children as to whether or not body stores contributed more than environmental sources to PbB. Three of nine mother/child pairs showed a higher contribution of skeletal lead to blood lead for the mother compared with the corresponding child, two pairs had the same, and four mother/child pairs showed the child having a larger contribution than the mother.
Absorption rates. The PbB concentrations in these subjects are low; hence, any changes in blood lead due to diet should be more easily discernible than among subjects with elevated body stores of lead (e.g., persons having PbB levels over 10 pg/dl . Time-series plots for 206Pb/204Pb in blood and 6-day duplicate diet for blood lead (PbB; pg/dl)and daily dietary intake (pg/day/kg bw) for mother and for blood lead (PbB;pg/dl) and daily dietary intake(pg/day/kg bw) for 1015. The scale for daily dietary intake is the same as for PbB.
child 2015. The scale for daily dietary intake is the same as for PbB. and for blood lead (PbB; pg/dl) and daily dietary intake (pg/day/kg bw) for moth-and for blood lead (PbB; pg/dl) and daily dietary intake (pg/day/kg bw) for child er 1029. The scale for daily dietary intake is the same as for PbB. 2029. The scale for daily dietary intake is the same as for PbB.
and if the isotopic composition in the diet two times the rate (i.e., daily intake Pb per composition of blood are simslar for mothers changes markedly, this should be reflected kilogram body weight) compared with their and chbldren (Fig. 4-7) or the change is in by a more rapid change in the child's blood mothers; and 3) the children have lower the opposite direction to the change in isoisotopic composition towards the Australian body lead stores than adults (30, 31) so that topic composition of the diet (Fig. 7, 9, 10 ). values. This more rapid change in the chil-they have less lead of European origin to
The above data indicate that the lead dren's blood isotopic composition does not counter the input of dietary lead of absorption from the gastrointestinal tract in occur in spite of 1) a greater intake of Australian isotopic composition. Increased these children is essentially the same as for
Australian lead from lunches consumed bone turnover in the children (32) as an the adult females. That is, the absorption away from home, and potentially a greater argument also fails to explain the cases in rate is around 10-15% rather than 40-50%. intake of lead from dust/dirt with the which the diet shows an increase in both Our interpretations are supported by data of Australian isotopic composition compared intake and isotopic composition, such as for Angle et al. (33) in which they suggested that with adult women; 2) the children are subjects 2015 (Fig. 9) 
